Background: Cancer societies and research cooperative groups worldwide have urged for the development of cancer trials that will address those outcome measures that are most relevant to older patients. We set out to determine the characteristics and study objectives of current clinical trials in hematological patients.
introduction
Hematological malignancies are frequently diagnosed in older patients. For disease entities such as myelodysplastic syndrome, acute myeloid lymphoma, Non-Hodgkin lymphoma, chronic lymphocytic leukemia and multiple myeloma, the median age at diagnosis is 65 years of age or higher [1] . With the imminent ageing of society [2] , hematologists will be faced with increasing numbers of elderly patients with blood cancer.
Historically, older patients and those with comorbidities have been excluded from clinical trials [3] . Among the Food and Drug Administration (FDA) approved treatments for cancer, only 9% of patients enrolled in registration trials were older than 75 years of age, whereas 31% of patients with cancer fall within that age group [4] . Owing to differences in physiological reserves, comorbidity, functional capacity and geriatric syndromes, the elderly represent a heterogeneous population, requiring tailoring of care [5] . It is incorrect to assume that those treatment regimens that are most beneficial to younger patients will also be the best choice for the older individual.
Furthermore, treatment goals for older patients are not always the same as for younger patients. Multiple studies have demonstrated that age is an important factor affecting patient's choices. Although willing to receive chemotherapy [6] , elderly patients are generally less willing to accept toxicity for additional survival time [7] , particularly when treatment could potentially have a negative impact on quality of life or functional status [8] . Data on these aspects are severely lacking, further complicating the decision-making process for cancer specialists as well as patients and caregivers.
Since the end of the 20th century, cancer societies and research cooperative groups worldwide as well as countless † publications have urged for the development of clinical trials that will facilitate or at least allow the inclusion of older patients and those with comorbidity, and that will address those outcome measures that are most relevant to this already significant and rapidly growing patient population [3, [9] [10] [11] . Fifteen years onward, many questions remain unanswered. There are still no adequate data on which to base treatment choice, adjust dosing or anticipate possible side-effects for the elderly [9] . Given the time that transpires between the first conceptualization of a study and the actual publication of final results, any progress in the next 10 years is most likely to come from clinical trials that are currently ongoing. However, this is only possible if these trials will incorporate those outcome measures that are most relevant to elderly patients. To evaluate this question, we set out to determine the characteristics and study objectives of current clinical trials in hematological patients.
methods
To identify on-going phase I, II or III clinical trials in hematological malignancies, the United States National Institutes of Health clinical trial registry (www.clinicaltrials.gov) was searched on 1 July 2013, using the search terms 'cancer' and 'hematological neoplasm'. The search was limited to interventional phase I, II and III trials, or mixed phase I/II or II/III trials, currently recruiting patients or due to start recruiting within the next 6 months; trials with unknown recruitment status or without any verification of recruitment status in the last 12 months were excluded.
For included trials, the following data were extracted from the registry website: target disease entities, source of funding, type of intervention, inand exclusion criteria with regard to age and performance status (PS), primary and secondary study objectives and start year of the study. Trials were considered as exclusively for older patients if they excluded patients <60 years of age.
To allow combining of data on PS, Karnofsky PS of 100 was considered equivalent of World Health Organization PS 0, Karnofsky PS 80-90 equivalent to WHO PS 1, 60-70 as WHO PS 2, 40-50 as WHO PS 3 and ≤30 as WHO PS 4 [12] .
Study objectives (both primary and secondary) were classified into 10 categories (Appendix 1): overall survival, progression-free survival, efficacy, toxicity, treatment completion, pharmacological parameters, health care utilization, biological outcome parameters, quality of life and functional outcomes.
statistical analysis
To assess differences between categories, the χ 2 test was used or a trend test (linear-by-linear) when levels were ordered. A P-value of <0.05 was considered significant.
results
A total of 39 376 trials were identified in the trial registry search ( Figure 1) ; of which, 1207 were included in this overview. The study characteristics of these trials are summarized in Table 1 . The trials covered a wide range of diagnoses, with the most frequent being multiple myeloma (16%), acute myeloid leukemia (11%) and Non-Hodgkin lymphoma (10%). Almost all trials included some form of chemotherapy (96%), with 43% using biologicals and 8% involving some type of transplantation. Phase II trials comprised 43% of included trials; 24% were phase I trials, 19% combined phase I and II, 1% combined phase II and III and 12% phase III trials. Overall, 47% of trials were industry-sponsored. Most trials had a lower age limit for inclusion <21 years of age (94%, Table 1 ). Two-thirds of trials did not name an upper age limit; 5% had an upper age limit <50 years of age, 10% between 51 and 69 years, 13% between 70 and 79 years and 4% between 80 years and higher. Exclusion based on older age varied greatly depending on the disease entity being targeted. For instance, only 3% of chronic lymphocytic leukemia trials excluded patients over the age of 70, compared with 63% of acute lymphocytic leukemia trials ( Table 2) . Industry-sponsored studies were three times less likely to exclude older patients than non-industry-sponsored trials (exclusion of patients older than 70 years in 30% versus 10%, P = 0.001).
Almost all trials allowed inclusion of patients with PS 0 or 1, 16% excluded patients with PS 2 and 73% excluded PS 3. Eight trials only included patients with PS 2 or higher.
study objectives
As was expected, outcome measures varied per trial phase (Table 3) . Toxicity was the most frequently mentioned study objective (80% of all trials), followed by treatment efficacy (73%), progression-free survival (52%) and overall survival (39%). Patient-centered outcomes were included in <1% of phase I trials, 10% of phase II trials and 34% of phase III trials. Of the latter, 31% of trials addressed quality of life, 12% health care utilization, 4% completion of treatment and 2% functional outcomes. Only 2 of the 1207 trials address the prognostic value of geriatric assessments, and no studies mentioned cognitive outcome measures.
For each trial phase, industry-sponsored trials were more likely to address patient-centered outcome measures such as quality of life (overall 9.9% versus 5.5% in non-industry-sponsored trials, P = 0.004) and health care utilization (overall 6.2% versus 2.2% in non-industry-sponsored trials, P < 0.001).
trials exclusively for older patients
Sixty-two trials focused exclusively on the elderly (Table 1) . Over two-thirds of trials used a lower age limit of 60 years, 24% limited inclusion to patients aged 65 years and older, 7% to 70 years or older of which one trial used a lower age limit of 80 years. Nine elderly-specific trials also used an upper age limit, with four trials using a cut-off of 75 years and four a cut-off of 80 years; one study only including patients between 60 and 65 years. Acute myeloid leukemia was the target disease in 26 of these 62 trials, representing 42% (Table 1) ; other frequently targeted conditions were chronic lymphocytic leukemia (10%), multiple myeloma (8%) and Non-Hodgkin lymphoma (8%). Most trials focused on chemotherapy, with 37% using biologicals and only one study involving some form of transplantation. Approximately two-thirds of trials were phase II or combined phase I/II or II/III trials. Over half of the trials were industry-sponsored, 8% were sponsored by the National Institutes of Health and 71% had other sponsors.
Efficacy, toxicity and progression-free survival were the most studied outcome measures, each being included in over twothirds of trials; overall survival was included in 58% (Table 4) . Quality of life was addressed in 18% of trials, pharmacological parameters in 15%, biological outcome measures in 10% and health care utilization in 7%. Only one trial addressed the functional outcome (2%). Two trials addressed the prognostic value of geriatric assessments (3%).
Compared with all the other trials, those specifically targeting the elderly more often focus on progression-free survival (66% versus 51%, P = 0.01; Table 4 ) and overall survival (58% versus 38%, P = 0.001) as well as quality of life (18% versus 7%, P = 0.001) and less on biological outcome parameters (10% versus 29%, P = 0.001). There was also a trend towards less focus on toxicity (71% versus 80%, P = 0.08). This study has several limitations. First of all, we have focused exclusively on the National Institutes of Health (NIH) clinical trial registry and therefore, and we do not have a full representation of all clinical trials worldwide. However, the NIH trial registry is by far the largest; as a comparison, a search of the second largest registry (the European Union clinical trial registrywww.clinicaltrialregister.eu) using the same search terms yields only 4200 trials, nearly 1/10th of the number included in this overview. A second limitation is that we only had access to the data as reported by the primary investigators on the registry website. It is possible that other outcome measures or study objectives are included in the study protocol that was not considered of sufficient importance to be mentioned on the registry website. However, we believe that this is unlikely to occur on a large scale and therefore do not feel that an in-depth study of the trial protocols would have significantly altered the outcomes of this overview.
Previous studies have demonstrated that although willing to receive chemotherapy [6] , older patients may have a more conservative approach to toxicity [7] . Although they do desire lifeprolonging treatment when diagnosed with cancer, they are unwilling to suffer severe side-effects that will change their quality of life, their ability to function independently in their daily tasks, their cognitive function, their social situation and capability to remain at home or their caregiving abilities [8, 13] . Thus, prolongation of active life expectancy is much more important than that of life expectancy as such [12] . For instance, in one study, 80% of all patients gave greater priority to the quality of life than the length of life [14] . For some patients, the longterm prospects of life after treatment will not meet the individual's required minimum level of quality of life, rendering the treatment unacceptable to that person [15] . Furthermore, the heterogeneity of the older patient population may lead standard end point such as overall or relapse-free survival to take on a different meaning. For instance, older patients and those with comorbidity are more likely to die of other causes, and thus relapse will not always affect survival [13] . At the moment, we are unable to advise patients with regard to their options, as data on these outcome measures are almost entirely lacking.
As demonstrated by this overview, little is currently being done to salvage this issue. Clearly, there is a mismatch between priorities identified by patients and currently on-going cancer research. This was also demonstrated by a study carried out in the United Kingdom, in which patients were asked to rate the priority of various aspects of cancer research [16] . In this study, patients gave the highest priority to 'the impact of cancer on life, how to live with cancer and related support issues', while research on treatment and toxicity was given a much lower priority [16] .
Over the last decade, both cancer specialists and geriatricians have indicated that research for the elderly should focus more on patient-centered outcome measures [17] . They have stated that in order to help clinicians and patients weigh the full risk and benefits of treatment, quality of life, functional status and independence of patients should be assessed in clinical trials in addition to standard efficacy end points [9, 10] . This viewpoint has been endorsed by cancer societies, research cooperatives and cancer experts worldwide and reiterated in a myriad of publications. Therefore, it is disappointing to find that these outcome measures are still rarely included, even in studies focusing specifically on older patients. As a scientific community, we cannot be satisfied with simply continuing to acknowledge the lack of evidence that is needed to provide older patients with cancer care that is tailored to their wishes and their particular situation. If we are to make any progress, researchers, cancer specialists, geriatricians, sponsors, patient advocates and government agencies must all step up and take action to resolve this issue.
A first step is developing studies that will allow for the inclusion of older patients, particularly for disease entities that occur primarily in the elderly. As demonstrated by Table 2 , for at least five types of hematological malignancy, the median age at diagnosis is higher than 65 years of age [1] . However, despite this fact, a significant proportion of studies still excluded older patients based on their chronological age. Furthermore, it should become mandatory that the study population is an adequate reflection of the real-life patient population. Thus, not only should older patients be allowed to enter clinical trials, but also they should be actively recruited. Some researchers have questioned the desirability of including older patients with comorbidity, as these patients are less likely than younger patients to benefit from certain therapies, as increasing elderly participation in clinical trials could produce less-conclusive results with smaller treatment effects [18] . However, the clinical applicability of the results of a cancer treatment trial depends largely on whether the study participants are representative of the population of interest [19] . Thus, in disease entities in which the majority of patients actually are older patients with comorbidities, including these patients will supply a much more faithful reflection of the true clinical benefit [13] . Such trials will allow cancer specialists to make treatment recommendations that apply to their actual patient population rather than to a highly selected subgroup.
Secondly, trialists must resolve to incorporate patient-centered outcome measures in all clinical trials carried out in diseases that occur primarily in older patients and should be specifically powered to detect differences in these outcomes. Longitudinal changes in functional status, cognitive function and quality of life should be standard end points in such clinical trials [20] . These outcomes could be affected both positively by cancer treatment, for instance by countering cancer-related symptoms and fatigue, as well as negatively due to treatmentrelated complications and toxicity. Potentially, composite end points combining efficacy, toxicity and patient acceptability, such as therapeutic success [21] or overall treatment utility [22] or quality-adjusted treatment outcomes such as the Q-TWIST (quality-adjusted time without symptoms of disease or toxicity of treatment) [23] , could be a useful method of integrating Finally, it is adamant that a geriatric evaluation be incorporated as a routine part of baseline assessment for all older trial participants. Geriatric assessments provide a more detailed description of the study population, thus allowing insights into which elderly patients were actually included in the trial and how representative the trial population is of the general older population [13] . Furthermore, assessing the predictive value of geriatric impairments for unwanted outcomes can aid in resolving the on-going discussion on the role that should be given to a geriatric assessment in treatment decision-making process. Of the 1207 trials included in this overview, including the 62 trials focusing specifically on older patients, on two report the incorporation of a geriatric assessment on the trial registry website.
In conclusion, currently on-going clinical trials in hematological malignancies are unlikely to significantly improve our knowledge of the optimal treatment of older patients as those outcome measures that are of primary importance to this patient population are still included in only a minority of studies. We cannot continue to simply acknowledge this issue, but must all participate in taking the necessary steps to enable the delivery of evidence-based, tailor-made and patient-focused cancer care to our rapidly growing elderly patient population. disclosure appendix 
